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Roles of sugar chains in immunostimulatory activity of
the polysaccharide isolated from Angelica gigas

Kwang-Soon Shin'

'Department of Food Science and Biotechnology, Kyonggi University

Abstract To elucidate structure-function relationship of polysaccharide from Angelica gigas, the AGE-2c-1 was purified
by two successive chromatography steps. AGE-2c-I showed a potent anti-complementary activity in a dose-dependent
manner. AGE-2c-I with a molecular weight of 140 kDa comprised four monosaccharides and 13 glycosyl linkages, and
strongly reacted with B-glucosyl Yariv reagent. For the fine structure analysis of AGE-2c-I, it was sequentially digested
by exo-arabinofuranosidase and endo-galactanase. The results indicated that AGE-2c-1 was a typical RG-I polysaccharide
with side chains such as highly branched a-arabinan, B-(1—>4)-galactan and arabino-$-3,6-galactan. To characterize the
active moiety of AGE-2c-I, the anti-complementary activities of AGE-2c-I and its subfractions were assayed. It was
observed that the anti-complementary activity of AGE-2c-I was due to the entire structure that resembled RG-I. In
addition, arabino-f-3,6-galactan side chain (GN-I) in AGE-2c-I probably plays a crucial role in the anti-complementary
activity, whereas a-arabinan side chain (AFN-I) consisting of 5-linked Araf and 3,5-branched Araf partially contributes to

the activity.
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oju} Rzpgo] Aol YRR Sethes A wiidl dA A%
7% AE AAR 2R Q= B4 Foll shube]th(Schepetkin

3} Quinn MT, 2006). ©|A7A] Ledzl Aol 2Jshd WA, a%,
25, AGA 2 AE FE AARNA 23 o2 dEA
g (Park &, 2013), FUEA(Lee 5, 2018; Varghese 5, 2017),
g}xk3} &4 (Samavatiz} Manoochehrizade, 2013) 2 HIEA &
Z(Yang 5, 2008) 5 oI A2&HE 7Hickar g v Qo
ol FE AW S FAskL, BANEEEEEH (biological
response modifier, BRM)Z#] 2h&-3to] Thefst 7152 JeRdTh
I GHA Aok olge thERIE 7KAA de vt AeEad
I GAFL] FHAAE AR fEixe Rl e
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<ol Jvkal B AckLee?t Gray, 1988).
FF Ungelica gigas NAKA= $-2IUEHE H]E3E F4Hol
2 7|7 Bk AYAE dife] 5oz AME o] A
FAZ S Ma 5, 2009), L (Lee 5, 2003), &
A (Kim 5, 2008) ¥ LA T (Joo F, 2010) T
gggdo] g bt Arh 53] FIHA el decursin
decusinol angelate”} TFF 3-fr=o UAThal BEAESI=H (A 5,
1998), 53] decursinS W1&H X|g59} 2A5d A7, I
g 28 Tl a3t oM (Kang &, 2003), 2L 712+
A EAR ] JTE ERIEY NEJARE A715E AFe]
B2 ARREY JtHChoi 5, 2012). E3F G0N #5353 48
A ggEdol= dRAEA 2 B-lymphocyte 52189, interferon
A B4 Fo) BaEo] 9lom, o]5 Angelanolz} H3slaL thE
EREAd e e Ife WESH 71FE Bt RiEy|
= 39 tH(Kiyohara®} Yamada, 1991).
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A=) FEet AL FYste] ARSI
FHHEREH 228t Cigel 221 H A

I 1kgs 9YA710l 2ot 10819 FR/TE 78kl A& F
¥je] dwto] & wj7x] 100°ClN rFEstaL 9HE21(6,500
rpm, 15 min; Combi514R, Hanil Science Industrial, Seoul, Korea)
sto] g AAATE FEA EFFEE 4 T 95%
EthanolE 7Fetal 1A17F Wik & AF2oA] g2 A AT
o]F AAE-2]71(6,500 rpm, 10 min)S ©]-&3lo] AHE st
ol FRF ALATF T FAMW. cutoff 12,000, Sigma-
Aldrich, St. Louis, MO, USA)Z 3z} zlejale] AEAEAS A
g5 o g AAA. FANA-L SHAY FFEAE o] 83t
5% &, 474 Z(FreeZone 12Liter, Labconco, USA)SFe] ZT}
T AE AGE-0 &2 dth(Fig. ).

FFAoNM B Zod AGE-0 5 g2 750 590 &, 5
F= H¥3lE DEAE-Sepharose FF (Cl- form, 5.5x25cm) col-
umnl] FFAI F, FFFE EESAA AFHIES 2,
o, 0.05 M2 M NaCl 85 o8, @AM o= §2AA 54
Y&-& fraction collector (1200 series, EYELA, Japan)E ©]-8-3}
o 7}z EE st olF, 4T, A E 2 dd S S
skl 1709 WFEEE(AGE-1a)7 8719 & A& %(AGE-
2a~AGE-2h)2 It} Anion exchange chromatographyS ©]-&3F
ARG Fgol 7P 3 AoRE gRIE AGE2c I
dH= Lo /T L8135t 50mM ammonium formate
buffer (pH 5.5)2 ¥ 3}E Sephadex G-100 column (4x120 cmy;
GE Healthcare, Uppsala, Sweden)2 ©]%, gel permeation chro-
matography (GPC)E &35t &2 7mLA 10070¢] g+
2 EYairlon, 349 I EAAES AA BARe] Adoldt
20e] B& AGE-2c-I3+ AGE-2c-IIE EEsiqich 2% 384} o
32U AGE-2¢-l 8-S e w5, F4 9 F474%xE A3t
of BA48 AANER ZAEIN T, 5 AdFl A= ATHFig.
1).

HMctete| oMTxE e I8t 4% EHHs)

AGE-2¢c-I A& 20mgg 50mM ammonium formate buffer
(pH 4.0)ol &83NAIZ7]2Z 1 unit®] o-L-arabinofuranosidase (exo-
Arafase, from A. niger, Megazyme International Ireland Ltd.,
Wicklow, Ireland)E 7}8te] 40°C -27Z A 4847+ 7143
S AL, 100°C2 1587 T8t a4 SAS dgAFith
AAELES Bl Bh GBS AAT A5AS Superdex™ 200
GL column (GE HealthcareyS ©]-83t> HPLC “dollx $=x1d| w5k
BHog BRIl AT 7498 HAAEIAT) o F EH (Dowex”
50Wx8 200 ion-exchange resin) ¥ FAAZE AA A 9 T+
/g 3ol dolgt o] THER AFN-IZ AFN-IIE & 5313
tHFig. 1).

Exo-Arafase 22| #7804l dojxl 2EA}F & AFN- A5
50mM ammonium formate buffer (pH 42)8 713le] &3iA]71
&, endo-1,4-B-galactanase (endo-galnase, from A. niger, Mega-
zyme International Ireland Ltd.)E 10 units 7}sted 50°C &=
Zo A 48A17F TRl sttt EEAE AEAITI AL 100°C,
1587 SR8l QARSI d5dS Ao, o]& Superdex™
200 GL columne ©]-8-3}e] HPLCJoA 2l wiEZzog 1
Y3t o] % g Dowex® 50Wx8 200 ion-exchange resin) 2
FTANZRE AA AT B 7 ARl Adoldk 2719 g% GN-
I GN-IIE &S5tk (Fig. ).
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159 I ES FAs] fl8l dgEex, AgRE
Aul =l 2-keto-3-deoxy-D-manno-octulosonic  acid
(KDO)E BFEZ 7 3l FA Y (phenol-sulfuric acid¥) (Dubois
%, 1956), A3 (m-hydroxybiphenyl#)(Blumenkrantz, 1973), T
1l A (Bradford¥ )(Bradford, 1976) 2 KDO (thiobarbituric acid H)
(Karkhanis 5, 1978) &% A4S sttt #4° 242
Jones3} Albersheim®] ¥ (1972)8 LF WISl A ES
M trifluoroacetic acid (TFA)E ©]&, 73l $ alditol acetate
FE=AZ A%l gas chromatography (GO)E ©1&-, 4351t

-

B-Glucosyl Yariv reagentE 0|28} arabino-p-3,6-galactan
(type 12| =xigtol

Arabino-B-3,6-galactan®] EAH-7F5 E<lsl7] 913 B-glucosyl
Yariv reagent (Biosupplies, Parkville, Australia)2}e] 313k 34
HES-2 Holst9} Clarke®] W (19852 323l single radical
oz ZA3A Y. A5 B-glucosyl Yariv reagente}e] Wk
82 FAE AR Holg Fsk] XFEFE AMEE gum
arabic?t] W3S S Wt ALttt

Methylation analysisOil 2|8 2 Zghfa] 24

o AlEe] A% (linkage formyS E21517] $18]l Hakomori
HH (Narui 5, 1982)2 o], methylation analysisZ )&ttt ¥
A 1mge thd A|EE dimethyl sulfoxide (DMSO)l =<1 F,
methylsulfinyl carbanion (MSCA)9} WHS-3}] polyalkoxideZ 13k
A2l % jodomethane (CH,I)S Z718t] methyldt A|ZoH, o]
partially methylated alditol acetate (PMAA)Z 13ksle] GC-mass
spectrometry (MS)E #A13F3Ath. GC-MS #4] Z71-2 SP2380
capillary column (Superco Inc., Bellefonte, PA, USA)S *2+3k
Agilent 6890N GC system3} 5973N mass spectrophotometer&
ol g3sle] FHHL2x F7 [60°C (1 min), 60°C—180°C (30°C/min),
180°C—250°C (1.5°C/min), 250°C (5 min)]°ll4] splitless injection
mode (He Flow rate: 1.5mL/min)% A3}t 2+ 24 Ao
mole %= GC-MS<] relative retention time, peak area =
molecular response factorZF-E] $Hkale] ALksit

e Bds &8

FHA AL Meyerd (1964)0 wheh AlFol oe wAl 4
st ¥, A& BAC o3 HEF §8 Axd 2HAE &
complement fixation test WHOZ =43} shA IR A &4
< A1 HF GVBY, FRFVLE WA SRS
o] ZRALH(50% total complement hemolysis, TCH50, %)°]
)3t A A& (inhibition of 50% total complement hemolysis,
ITCH50, %)&4 VRN dtizte 2 9A1HA (Coriolus
versicolor) -2l Al HIF73AQ PSK (polysaccharide-K)E A}
&3te] AlRe] 84S Wkl

SH X2

RE A3 Az= IBM SPSS Statistics 21 (IBM Co., Armonk,
NY, USAYS ol&3ate] FAAE siem e 374 359 o
3t ¥ (means)?} ¥5H2K(standard deviation, SD)Z ERHATE
AE 2 AP w2 194 Zole= p<0.05 F<EolX Duncan’s
multiple test YGH %] ErHEA o2 AT
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The roots of Angelica gigas NAKAI

Decoction

Dialysis
Lyophilization

AGE-0 (crude polysaccharides)

80% ethanol precipitation

Anion exchange chromatography
on DEAE-Sepharose FF
Elution with stepwise NaCl gradient
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procedure
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(For structural analysis)

Exo-Arafase, 40 C, pH 4.0, 48 hrs.

™
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Fig. 1. Isolation and purification of the polysaccharides from Angelica gigas NAKAI and sequential enzymatic digestion for structural

analysis.

oty nF

e well M Chet AGE-2c-19] bielE S
T Z#Ele] A4 ion exchange @ gel permeation chro-
matographies®]] 23l BAE A e o AGE-2¢-19] Yyt
3}et7 E4S AR A3l(Table 1), B2 oF 140kDad] T8
2 tFo g Fl1E) O™, arabinose 39.1%, galactose 27.5% 2
rhamnose 10.7%Z5 X&sl] AT 79.3% 2 AT 20.7%2] =
4o g FAEo] Ugol ERIFHATE W, utxo g AE F
ZEM AEEHE ©E 9 KDO B8 FqF3l IR &9
. FHH oz, I3 GATHE AGE-2¢-19] AT
< 1% A3}(Table 1), AGE2c-FS £ 13 ¢ 32 ZAge] 4
=502 arabinose  galactose 23 0] =& H|EE FQIEY
t}. 53] arabinose 719 739~ terminal-arabinofuranoside (Araf)
(7.63%y7F =2 H&2 A=A olggh AMde vsdd o
el arabinose”t ThF EAIEH wEbA side chain®ll arabinose %

=

32 A

o]&9] oligodo]l A=Z X% arabinan FEH =2 galactanol
arabinose”} &0 A= FEHIYE F8F + AUATh 5-linked-
Araf (10.56%)2} 3,5-branched-Araf (12.92%)7} =& B]&& &4
She AMIEFE arabinan®E Ak Ag-olle F7E 1552
o7 AZAH arabinose chaindll C39]X]oA] side chaino] &3]E
branched arabinan FE Y-S 1T + UArt. E3F galactose”}
=2 H| &2 HEHI 53] 4-linked (2341%)9} 6-linked (10.09%)
Aoz AZH galactopyranoside (Galp) 7717} B2 ARz H
E] o]E0°] (1—4)-galactan == (1->6)-galactan FE= =4 7}
S780] 2, 3-linked (6.28%)%} 6-liked Galp (10.09%) 2 3,6-
branched Galp (6.63%) 5°] =2 H&Z &% AN} terminal-
Araf/} EAEE A0 8 Hol AGE-2c] Thddlle 1 &2 X9
arabino-3,6-galactan'= 4 EZ3tE o] S 7S B AlAE
sttt ¢ A7 THEiEE 3 fE BA thd AGE-2¢]
< arabinan, galactan, arabinogalactan 3 oligosaccharide 7} %=
2 A=) e HAYAQ pectin 2] rhamnogalacturonan (RG)-



Table 1. Chemical properties of AGE-2c-I1 purified from
Angelica gigas NAKAI

Chemical composition =~ AGE-2c¢-I
Molecular weight 140 kDa
Neutral sugar 79.3
Uronic acid 20.7
Protein -

KDO-liked material" -

Component sugar (Mole%)? Methylation analysis (Mole%)

Deduced glycosidic

linkage AGE-2c-1

Rhamnose 10.7 2- 1.64
2,3- 8.35

Arabinose 39.1 Ter- 7.63
Ter- 0.85
5- 10.56
3,5- 12.92

Galactose 27.5 Ter- 9.36
3- 6.28

4- 2341
6- 10.09

3,4- 1.27

3,6- 6.63

4,6- 1.01

Glucose 2.2 - -

Galacturonic acid 20.7 - -

YKDO means 2-keto-3-deoxy-D-manno-octulosonic acid. Monosaccharides
were analyzed using alditol acetates. ?Mole% was calculated from the
detected total carbohydrate.

18] F+Z(Engelsen 5, 1996)4S =& 4 YAk

e wel MM cre AGE-2c-13t B-glucosyl Yariv
reagent}e| HISN HE

AGE-2c-I°] arabinose$} galactoses &2 H|&E SH3lal 9
3L, AdH ZAFolA arabinogalactan® 2 AT 7FsAdol Sl

A) (B)

Standard
1000 pg/mL

AGE-2c¢-1

—
B

Standard
500 pg/mL

Standard - |
” ug/mL : vi .‘
AFN-II GN-II

Control

Gum arabic (5 u g)
AGE-2c(5ng)
AGE-2¢-1

AFN-I

AFN-II

GN-I

GN-II
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Zolg} dlidEo] o5 EIsly] $13] B-glucosyl Yariv reagent}
o] "reAS HAESITE B-Glucosyl Yariv reagent [1,3,5-tri-(4-p-
glucopyranosyl-oxyphenylazo)-2,4,6-trihydroxybenzene]i= arabinoga-
lactan 5= 113 9] arabino-B-3.6-galactans} 0] 0.7 HH-&-3lo]
A RS FAskedl 54 T2 s dgEeR eRlg &
A e Aeke g deEx UthHolst?} Clarke, 1985). ©l&
o]-g3}e] AGE-2c-I°ll i3t single radial A& HS- 33 A3} Fig,
20 B ule} 7do] ¥FEARE AFEHE gum arabic FE o=
oz HAFe] Frhsle FFS Ho] 0™, AGE-2¢1¢] 7
ST A4 Ago] BAEYL. 2 A7l FAYe] ]
A FAgke] oF 51% FE2 el ow(Fig 2(B)), WA
AGE-2¢-19] #+& el N3 9] arabinogalactang ‘35S -3t

b

It Rl HH Ciet AGE-2c-19] &2X| gMs

AN FYsks APaAEA ol 2710 wreshe A
Al AR} F 3R] BA| (complement)ol] thsted FFA H
o] &8t RS FA457] S8 Meyere] el wet &
GYS ZHT A, FEITHOR S5 YL el
E3], AGE 2¢-12] 1,000 ug/mLi’q FEAA TY FER A
M ZT PSKo| F3l= 3 dRA AL Btk
. 3). PEUETR PSKe Al AR AREE A
HAEAY tige|r, dwAEo® 1,000 ug/mLe] Fx=olM 60%
o] R BHL JeER= thAls o okeddo] BAHA
o7 AAFEYT gdEA YL EZ(Yamada 5, 1992), AGE 2c-1
o BAA BYshso] S AR BAY & AT

l]
}.L'

ol
T 2

ol 12

i

Jom W o d g

oﬂ>:,§”=0° o g

o

by sl MM Cle AGE-2¢ ¥ §4X2| tHsl
__rl.Ac-II:I- 2

IEA o] A AATRE e 248 F U=
o] &]ZH 7NE o] 917‘] gornz slehy e &AA
WHS AL 7} g FAE B ‘:"5117:’§}°b“ A 5
ol nAlTERE et HEHOE AA F2E FGs= A
o] Uukz ot Aspinall, 1982). FF# F= A 1:}1’61- AGE-2¢-1
o] HAFZE A FREA 0] &oldt W EA o] &
2 oligo) o2 AL o]F AAlste] iAol stERE ol&

=

Hﬂﬁ

i1 10 o
o S

0 10 20 30 40 50 60

Precipitation (mmz)

Fig. 2. Single radial gel diffusion (A) and reactivity (B) between p-glucosyl Yariv reagent and AGE-2c-I and its subfractions after serial
enzymatic digestion. B-Glucosyl Yariv reagent has specific binding affinity to arabino-3,6-galactan. Gum arabic was used as a positive

reference. The samples is a dose of 1000 pg/mL.



340

=2 E 388 %] A 51 WA 4 F (2019)

70

60 - b

50 - d

40}

ITCH,,"

20

10 |

PSK

Fig. 3. Anti-complementary activities of AGE-2c-I and its subfractions obtained from serial enzymatic digestion.

AGE-2c-|

—o

—H=

AFN-I

I 1000 ug/mL
500 pg/mL
N 100 pg/mL

—a

GN-I GN-II

complementary activity was expressed as the inhibition of 50% total complement hemolysis by Meyer’s method.

&l exo-Arafase ¥ endo-Galnase® Z}7} 71E8]E Pdte]
AAHFig. 1). ©]

H3)E AFN-IZ} AFN-II @ GN-I3} GN-IZ

AT S T THT ZAIK(Table 2), AEAF 2E AFN-

el 7<% 61.17%2] arabinose®} 38.83%<] galactose® -/ o]
9}9131:4, JEA R AFN-IIAM = AGE-2c-1 thy],
arabinose®] ko] F43] a4 ZoZ UERIY. Exo-Arafase
o 9J3ll a-glycosidic linkage® A% arabinofuranoside chainol
A A8k monomer
arabinofuranoseE WH-EZ W59 WY& exo-typed] E*O]UE
AFN-IIi= 5 furanose® EA|3H= arabinose2} Ui ool

A H3AA DIRE SHEAA arabinoseS

e A

H galactoseZ =] I FHE F U
arabino-oligosaccharide”} H] &
A2, AFN-IZ arabinan AFE©] ®o] #|Ad thd ey
Ut arabinose ZH717F A A= O] F-2 arabinose”} HAMEER
o] 3+ galactanoZ =R TS

EA} FHEE AFN-I°| endo-GalnaseZS
B2 R GNI9 8T A AIK(Table 2),
=4 ol & Zio 93 B(1-4) 2SS Z=

1 520 &
Hajld

EE

o] AEH2

o)1=
AT

4% % 3l

"The anti-

o}, EF AGE-2c-
Auieto 2 v

— o= U

Aale] oi7]

237 galactoseTt

galactan ¥4 R-2]E galacto- ollgosacchandei g7 7
3 Ho] AEAs} HAFS I +

¥

n
-

HA ciet AGE-2c- %

Table 2. Sugar compositions of the AGE-2c-I subfractions after <
serial enzymatic digestion e I| =4
AGE-2c-I AFN-I AFN-II GN-I  GN-II Gl l%a]} 84 B AGE-2e1e] ® uég}j]k =
AE @3 _,—,:E(AFN-I AFN-II, GN-I 2 GN-II)«] T A
Rhan'mose 4.46 11.02 - 24.15 - e Bo18t A= Table 33 7T} Exo-Arafase @] & w2}
Arabinose 43.49 8.95 61.17 1328 - B AFNIS terminal Araf’} 7.63%0H 177%2 S5 2%
Galactose 52.05 80.03  38.83  62.57 100 319107, Slinked @ 35-branched Araf’t SAF A4 Ao
Table 3. Methylation analysis of the AGE-2c-1 subfractions after serial enzymatic digestion
Glycosyl Residue Deducl?d glycosidic AGE-2¢-1 AFN-I AFN-II GN-I GN-II
inkage
Arabinose T-Araf? 7.63 1.77 11.32 3.67 -
T-Arap? 0.85 1.84 28.58 0.63 -
5-Araf’ 10.56 - 3.17 2.52 -
3,5-Araf 12.92 - - 2.98 -
Rhamnose 2-Rhap 1.64 3.90 - 4.09 -
2,3-Rhap 8.35 16.55 - 15.88 -
Galactose T-galp 9.36 23.20 21.68 19.94 85.92
3-galp 6.28 6.18 - 11.91 -
4-galp 23.41 26.90 8.02 11.24 14.08
6-galp 10.09 11.55 27.22 13.87 -
3,4-galp 1.27 - - 1.13 -
3,6-galp 6.63 6.70 - 11.15 -
4,6-galp 1.01 1.39 - 1.00 -

"T-Araf and ?T-Arap means non-reducing terminal arabinofuranoside and arabinopyranoside, respectively.
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Main active moiety

arabino-f-3,6-galactan

Partially contributed to immuno-stimulating activity

Q Arabinose Q Rh e Gal

Fig. 4. A possible structure of AGE-2c-I, anti-complementary
polysaccharide purified from Angelica gigas NAKAL

Galacturonicacid

terminal Galp ZV|= S4% 57
tan T30l -2 arabinofuranosideE°] o A Z o] EA3Ic}
7} exo-Arafase®] gl o5 Ea|HOoZH US| galactose
71E0] Bol =28 AxE 4d F U3t A rthamnose 2
2 AR R F7F FdE Bt ool AAERE AGE-
2¢1 TS C3 RN F2HE 2= o-(1>5)-arabinans X3
3L JS Y 4 AUtk Endo-galnase A7 & d& wH
A GHIE OGNS A2 methylation analysisE 3312 &
2 A 82 AFN-13} ¥k A3K(Table 3), &2 2
AFN-I9] B]8] GN-I2 4-linked Galp®] H243 7H42E ¥ endo-
galnasex 2]l 9J3l B-(1->4) 2ES ZH= galactan®] E&ZF 0=
AARS A = AT} o] wkale] 3-linked Galp®t 3,6-
branched Galp®] ¥]&2 543 F7}38laL 6-linked Galp % termi-
nal Araf =3+ S7F S BH=0 o] B-(1—>4)-galactan chain
o] aaxglol 3l #A|AHe wel arabino-3,6-galactan®] Y]]
Ao R Eolxl Ao g ML
e [l MM it AGE-2¢-l ¥ 42| cHHEESo|
-glucosyl Yariv reagentete| BISY HE

3 2 BA O AGE-2¢-19] PIAl RS FHElaAl =
AE GHIYEE(AFN-I, AFN-I, GN-I 2 GN-ID2] B-glucosyl
Yariv reagent}e] WH-A-S WSt A (Fig. 2), AFN-I2 §4%]
g A AAYE AGE2cI (51.00%)HET thx =& whgA
(64.00%)s A AFN-IIE= 735 ¥-3/4E Holx] gt o]
23 A+ B-glucosyl Yariv reagent’} L3} arabino-3,6-
galactan?}t E=2 WA Hols How Add w, AGE-2¢-1

o4 arabinan FEE =A== AFE0| exo-Arafased] 2J8] 71
oo AAPLEZMA arabino-3,6-galactan®] AT TFo] =
7¥sted AFN-I9] WhEAe] Eolxl= Zo = A= ¢,
endo-Galnase @] 5 A& 7EA} THHEE GN-I2 endo-Galnase
A2l 2 AFN-1ol] sl vhgAdo] 64%ellA 74%= S7kske
< e

e sl =M chie AGE-2c-19] ®MA| A= FH

F3F Fef FRA S o AGE2c1E F ] A5F
A maAe AL AX Lol SHIEE (AFN-L, AFN-I,
GN-1 2 GN-ID9| A 4], Gadgess 4] 9 B-glucosyl
Yariv reagent?}e] WHSAd AEE dYslal o|EZHE dojxl BE
AY AHE TP S o FIA FRALDY thd AGE-2c-
19 d4EE AATZE Fig 40 Yebd blel 2l & AGE-
2¢-I2 rhamnose®} galacturonic acid7} ¥WZo} 7t AAE F2
o, rthamnose®] C391x]9l 3 FF2] thd 52 oligodel 54 +
2 dZdEo] EAY Zer FHHEI 3 T/ S 2=
o-(1—>5)-arabinan chain, 2]X1E2] B-(1->4)-galactan chain, 113
9] arabino-p-3,6-galactand A2 FHF FH3H. & 2= 2]
EA el o T pecting /d3R= rhamnogalacturonan (RG)-
19] A& FZ(Engelsen 5, 1996)°01H, Wby Fd7e] dx
A2 RGO 7118 & 5 AT

e fal B iy AGE-2c-| U cHHElEEo| sieX| &
Hsg St T =4
dee] gaxz] g Aol 2 tdAe] dHgRE
oz HAEde] A EZ Meyer’'s methodoll e} &FEA|
A 7102 2L o A3(Fig 3), FFH +9 51
FA AGE-2c-19] FHA B exo-Arafase A HHS AA
oJZ1 AFN-IETh o 9AIgk o2 veh) SH2 SR8
a-(1—5)-arabinan 9] 2 2T arabinose X7]7} FEAGA ) A
¥ 3AE8s T + Ak 23} endo-Galnase A E A
% GN-IIA = B-(1->4)-galactan -917F A A A5l = AFN-I
of Hl3] &o] FTlete WS EYLS=ZH, B-(1->4)-galactan
AANES gRA| G4 & 3L K BES ¢ Uk
webr] FEH fE WIS AGE2¢-12 RG] 5AH +
Z5 &f3lH, 2 EA8kE 139 arabino-B-3,6-galactan
27t FH SR E g, T TR Z49 a-(1->5)-arabinan
2 4R Ao FAske FoE HF I & U

1 Lot alo

-

2 o

3 A9 o] @43 o] AHIAE 18
T 2] d&49] Y A=niE

a9 g sty @ B g AGE-2¢I Arh. AGE-2¢-
=5 St grA| G4 HAFon, ditst
o4 545 24T A3 EAF oF 140 kDa® @At thge
2 4% AT 1350 ) AP oE AP UeS
A F UATh o] ThF B-glucosyl Yariv reagent®}o] =2
W34S WO ZM arabino-3,6-galactan®] TFE 71 rham-
nogalacturonan-l 7295 9 4 Atk g, AGE-2¢-1¢] 1]
M7z W FrA Ao Fske thd o S99 A
EE 918 a-L-arabinofuranosidase®} endo-1,4-B-galactanaseS ©|
st A&H JEREE dst 42 TGHIRES o8, T4

=]

)

R U= Y

9 AT FA B4, B-glucosyl Yariv reagente}e] WS-

oY oft ofo



342 =2 E 388 %] A 51 WA 4 F (2019)

E 9 3gRA &4 4945 A8 49, 399 G dRASA
o' AGE-2¢-I2 rhamnogalacturonan-I} AR +25 AF-31aL
5ol A= o, AGE2c12] =3 ++Z<% arabino-B-3,6-
galactan A}Eo] FEA &4 I F8 9L P, 5-
linked Araf2} 3,5-branched Araf2 ¥ o-arabinan Z37} €4
of FEAOR AL UeS HF AT F U
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